Background: According to the Turkish Ministry of Health's guidelines, standard double therapy, a combination of pegylated interferon-alpha and ribavirin, was the only treatment option for patients with hepatitis C virus (HCV) infection until the end of 2011. Objective: The primary objective was to compare risk-adjusted clinical and economic outcomes between treated and untreated patients with HCV infection. Methods: Patients with HCV infection were identified from the Turkish National Health Insurance Database (2009-2011) using International Classification of Diseases, 10th Revision, Clinical Modification codes. The first prescription date was designated as the index date. Mortality and hepatocellular carcinoma (HCC) rates and health care costs of treated and untreated patients were compared using propensity score matching. Baseline demographic and clinical factors were controlled in the models. Subgroup analysis was conducted for patient groups with and without a cirrhosis diagnosis. Results: Out of 12,990 patients included in the study, 1,583 were treated for HCV infection. Out of 2,467 patients who had a cirrhosis diagnosis, 231 were treated, whereas out of 10,523 patients without cirrhosis, 1,352 patients were treated. Treated patients were younger, less likely to be diagnosed with comorbid conditions, and less likely to reside in Central or Eastern Anatolia. After adjusting for baseline demographic and clinical factors, mortality (2.27% vs. 5.31%; P o 0.001) and HCC rates (0.69% vs. 1.96%; P o 0.001) were found to be lower for treated patients. Differences were more significant among patients diagnosed with cirrhosis. Treated patients incurred higher risk-adjusted annual costs (€6172 vs. €1680; P o 0.001), mainly because of pharmaceutical costs (€4918 vs. €583; P o 0.001). Conclusions: HCV infection treatment, although costly, significantly reduces mortality and HCC rates in Turkey.
Introduction
Hepatitis C virus (HCV) is a major global public health concern. It is estimated that 2% to 3% of the population in the world (130-170 million people) is infected with HCV infection [1] . With higher incidence in the southern and eastern regions, there are approximately 9 million patients with HCV infection in Europe [2] [3] [4] [5] [6] .
Most acute HCV infections (60%-70%) are asymptomatic; therefore, many chronically infected patients do not know that they have been infected with HCV [7, 8] . Individuals at an increased risk of HCV infection are injectable drug users, chronic hemodialysis patients, and recipients of blood or blood product transfusions before the 1990 s (up to 70%, 15%, and 10%, respectively) [9] [10] [11] . Other risk factors for HCV transmission include unprotected sex, perinatal transmission, needle stick injury, and receipt of immunoglobulin [12] .
In Turkey, HCV has a 2.2% seroprevalence [8] where almost 90% of the patients are infected with HCV genotype 1b, except in the city of Kayseri and its vicinity, where HCV genotype 4 accounts for 35% of the patients admitted to hospitals [13, 14] . In 2005, Turkey had the lowest HCV infection treatment rates among European countries [15] .
Treatment possibilities have improved dramatically over the past decade. As much as 51% of patients infected with HCV genotypes 1 or 4 and 90% of patients infected with HCV genotypes 2 or 3 can be cured after 24 to 48 weeks of antiviral treatment [16] . The main goal of treatment in chronic hepatitis C is the prevention of cirrhosis and hepatocellular carcinoma (HCC) by suppressing the virus to undetectable levels, and the efficacy of antiviral HCV treatment is measured through sustained virologic response (SVR).
The standard treatment for chronic HCV infection includes the double therapy combination of pegylated interferon-alpha (Peg-IFN-α) and ribavirin in patients infected with genotype 1 [17] . Two treatment strategies are being evaluated, which include adding one or two direct-acting antiviral agents to the standard double therapy and an oral direct-acting antiviral agent combination designed to inhibit different steps of the HCV life cycle [15, 18, 19] . According to the Turkish Ministry of Health's guidelines, standard double therapy is the only option to treat naive patients with HCV infection [20] . Although combination therapy of Peg-IFN-α and ribavirin significantly increases SVR and the probability of reaching SVR by 50%, the degree of response depends on various factors.
The clinical and economic burden of HCV is significant. Approximately 80% of the individuals exposed to HCV develop chronic infections, and 3% to 11% of those with chronic HCV infections will develop cirrhosis within 20 to 30 years [21, 22] with the associated risk of liver failure and HCC [23, 24] . HCV infection causes approximately 365,000 deaths annually as a result of complications [15] . In 2002, the number of estimated HCVrelated deaths in Europe was 86,000 [3] . HCV doubles the risk of depression, increases the risk of HCC 25-fold, the risk of needing a liver transplant more than 60-fold, and the risk of cirrhosis 80-fold [25] . Existing literature indicates that chronic HCV infection lowers work productivity, increases health care utilization, and is associated with an elevated risk of liver-related morbidity and mortality [15] .
There is limited research on the total economic burden of HCV on the Turkish health care system. To generate real-world evidence on the HCV-related economic burden and its resulting complications in Turkey, this study aimed to compare health care outcomes between patients with HCV infection who were prescribed Peg-IFN-α with or without ribavirin and those who were not prescribed these medications.
Methods
Law 5502, by the Turkish Grand National Assembly, unified three existing social security and health insurance systems (e.g., Sosyal Sigortalar Kurumu (SSK), Bag-kur, and Emekli Sandigi) into a single system under the Social Security Institute (SSI) in 2006. Enrollment in the current existing Universal Health Insurance Fund within the SSI is mandatory, and contribution rates are determined by patients' ability to pay. All beneficiaries under the system are entitled to the same benefits package.
Payment by a health insurance fund is based on both a feefor-service system and a bundled payment system, depending on disease category and services related to the particular disease. For example, laboratory services can be paid separately through the bundled payment system. Payment procedures are outlined by health budget law as access to HCV medications determined by the Ministry of Health protocol. Payment is determined by the health budget laws of the SSI.
Recognizing the importance of health information technology and health technology assessment, Turkey has invested in a nationwide integrated system to collect health care utilization outcomes electronically during the last few years. A claims and 
utilization management system was established under the 2007 Health Budget Law (SUT). All public and private facilities under contract with the SSI must submit claims through this system, which covers 80% of the population in Turkey, comprising pharmacy, inpatient, outpatient, and laboratory claims from 17,800 pharmacies, 5600 general practitioners, 4500 medical centers, 1200 government hospitals, and 338 private hospitals. The remaining 20% of the population not included in the data consists of those whose contribution rates were paid by the government due to their income levels. In addition, members of the Turkish Grand National Assembly and the Supreme Court, as well as foreign insurance policy holders and some military personnel, were excluded from the Universal Health Insurance Fund in the SSI; therefore, their data are not in the system. The data have been used in several outcomes research studies [26] [27] [28] [29] [30] .
The study period was from January 1, 2009, through December 31, 2011. Using appropriate diagnosis codes from the International Classification of Diseases, 10th Revision, Clinical Modification, all patients with an HCV infection diagnosis were identified for the identification period (January 1, 2010, to December 31, 2010). Peg-IFN-α therapy use was identified after HCV infection diagnosis. The first prescription date was designated as the index date. Patients with Peg-IFN-α therapy before HCV infection diagnosis and those who were pregnant during the study period were excluded from the study sample. All patients had continuous health insurance enrollment during the 1-year preindex (baseline) and the 1-year postindex (follow-up) periods.
Our main cohort included patients with HCV who were categorized into two groups: treated and untreated. Subgroup analysis was also conducted for patients with and without a cirrhosis diagnosis. Demographic factors including age, sex, and 
region were available in the data. To control for clinical characteristics, we identified individual comorbidities, such as biliary disease, hepatitis B, human immunodeficiency virus, chronic artery disease, congestive heart failure, dialysis, respiratory diseases, liver cancer, other cancers, hypertension, diabetes, psychological disorders, liver transplant, hepatic encephalopathy, anemia, rash, pruritus, nausea, and diarrhea. Means and SDs were calculated for all continuous measures, and frequencies and percentages were computed for categorical variables. For the follow-up period, mortality and HCC diagnosis were identified as clinical outcomes. In addition to overall costs, inpatient, outpatient, and pharmacy costs were calculated from reimbursement amounts as economic outcomes.
To compare these clinical and economic outcomes, risk adjustment is necessary. When evaluating treatment groups, selection bias may occur, as treatment and control groups differ in terms of age, sex, region, and comorbidities. We applied propensity score matching (PSM) to eliminate differences between the groups. PSM uses the prediction probability of group membership and isolates the bias resulting from observed differences. A patient's propensity score is the probability of being treated on the basis of the condition of the patient's covariate values, such as demographic and clinical factors. Two patients, one treated and the other untreated, with the same or similar propensity score can be considered similar for all observed factors controlled in the predicted probability. The only difference is that one patient is treated and the other is untreated.
Following the guidelines to choose the most appropriate matching technique for this study data, radius, kernel, mahalanobis, and one-to-one matching were compared, and ultimately, one-to-one matching was applied [31] . Patient age, sex, region, and baseline individual comorbidities were used as covariates in the PSM model. The analysis was conducted using SAS version 9.3 (SAS Institute, Inc., Cary, NC) and STATA version 11 software (Stata-Corp LP, College Station, TX).
Results
A total of 12,990 patients were included in the study, 2,467 of whom were diagnosed with cirrhosis and satisfied all inclusion and exclusion criteria. In the patient population, 12.2% (N ¼ 1583) of the treated patients and 9.4% (N ¼ 231) of the patients with cirrhosis in study I and study II, respectively, and 12.8% (N ¼ 1352) of the patients without cirrhosis in study II underwent standard double therapy during the study period (Fig. 1) .
Treated versus Untreated Patients with HCV Infection
Patients treated for HCV infection were younger (age 51.52 vs. 53.30 years; P o 0.01) and less likely to reside in Central (21.42% vs. 24.41%; P o 0.01) or Eastern Anatolia (6.44% vs. 8.04%; P o 0.03) but more likely to reside in Marmara (18.38% vs. 16.05%; P o 0.02) or Southeastern Anatolia (7.20% vs. 5.54%; P o 0.01). Female patients were less likely to be treated for HCV infection (54.83% vs. 57.18%; P o 0.08), but the difference was marginally significant (Table 1) .
Comorbidity rates for cirrhosis (11.91% vs. 6.63%), chronic artery disease (14.43% vs. 11.69%), congestive heart failure (3.46% vs. 1.71%), respiratory diseases (16.76% vs. 14.40%), liver cancer (2.05% vs. 1.07%), and diabetes (20.24% vs. 17.06%) were significantly higher among untreated patients during the baseline period (P o 0.01 for all; Table 1 ). More untreated patients were diagnosed with hypertension (37.46% vs. 35.06%; P o 0.07), though the difference was marginally significant. There were no significant differences between the groups for the following comorbid conditions: biliary disease, hepatitis B, human immunodeficiency virus, liver transplant, hepatic encephalopathy, anemia, rash, pruritus, nausea, and diarrhea. More dialysis patients were treated for HCV infection (2.08% vs. 1.24%; P o 0.001). To eradicate HCV infection before renal transplantation, patients undergoing hemodialysis may have been more likely to be treated for HCV (Table 1) .
The primary objective was to compare the clinical and economic outcomes between treated and untreated patients with HCV. Because a descriptive comparison of outcomes was confounded by differences in age, region, sex, and comorbid conditions, as outlined previously, PSM was used. Table 2 presents the results after PSM. A total of 1583 patients in the untreated cohort were matched with comparable patients in the treated cohort on the basis of demographic and clinical factors. Annual health care costs, mortality, and the likelihood of HCC were calculated and compared. This risk-adjusted comparison isolated patient differences in terms of demographic and clinical characteristics, as outlined in Table 1 .
Risk-adjusted mortality rates (2.27% vs. 5.31%; P o 0.001) and HCC rates (0.69% vs. 1.96%; P o 0.001) were significantly lower for treated patients with HCV infection. Total risk-adjusted annual costs were significantly higher for treated patients (€6172 vs. €1680; P o 0.001), mainly due to higher pharmacy (€4918 vs. €583; P o 0.001) and outpatient (€958 vs. €564; P o 0.001) costs. Inpatient costs for treated patients were lower than for untreated patients (€283 vs. €467; P o 0.001). HCV, hepatitis C virus.
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Cirrhosis versus No Cirrhosis Diagnosis
As a subgroup analysis, we examined patients with and without cirrhosis separately. (Table 3) . There were no age differences between treated and untreated patients without cirrhosis (P ¼ 0.2519). Female patients, however, were less likely to be included in the treated cohort (54.51% vs. 57.52%; P o 0.001). Treated patients without cirrhosis were less likely to reside in Central Anatolia (22 
V A L U E I N H E A L T H R E G I O N A L I S S U E S
P o 0.07) or Southeastern Anatolia (7.62% vs. 5.53%; P o 0.01; Table 3 ). Baseline comorbidity rates for chronic artery disease (10.87% vs. 13.59%), congestive heart failure (1.63% vs. 2.49%), and respiratory diseases (13.54% vs. 15.83%) were significantly lower among treated patients without cirrhosis (Table 3 ). There were more dialysis (2.14% vs. 1.30%; P o 0.001) and hepatitis B patients (17.23% vs. 14.59%; P o 0.001) in the treated group (Table 3) .
Although there were no significant differences in riskadjusted mortality and HCC rates for treated and untreated patients without a cirrhosis diagnosis (P ¼ 0.4879 and P ¼ 0.1567, respectively), mortality rates decreased more than fourfold. HCC rates decreased more than twofold for patients treated for HCV infection in the cirrhosis cohort (5.19% vs. 22.94% and 3.90% vs. 10.39%, P o 0.001, respectively; Table 4 ).
Risk-adjusted total health care costs were significantly higher for treated patients in the populations with and without cirrhosis (€6279 vs. €2484 and €6154 vs. €1470; P o 0.001). The difference was mainly due to higher pharmaceutical costs in both cohorts (€4482 vs. €756 and €4993 vs. €716; P o 0.001). There were no significant differences in inpatient and outpatient costs between treated and untreated patients who were diagnosed with cirrhosis. The difference in outpatient costs between treated and untreated patients without cirrhosis, however, was significant.
Discussion
Although the economic burden and complications of HCV infection have been increasingly recognized, relatively little information is available regarding health care costs, mortality, and complications among patients with HCV in Turkey. Nationally representative claims data from Turkey were used for the first time for this outcomes assessment of patients with HCV infection. Annual direct medical costs for treated (Peg-IFN-α with or without ribavirin) and untreated patients with HCV infection as well as mortality and HCC rates were estimated. Treated and untreated patients were further stratified according to cirrhosis diagnosis.
HCV-induced liver diseases and complications were associated with significant morbidity and mortality due to the extended period of HCV infection. We showed that after controlling for baseline demographic and clinical factors, treatment significantly reduces mortality and HCC rates among patients with cirrhosis in Turkey but has no effect on these rates among those without the disease. This is important to note because some expect that cirrhosis and HCC rates will increase by approximately 80% by the year 2020 [32] .
HCV-related costs are associated with not only HCV infection complications resulting from the advanced disease stages but also HCV antiviral medications that are extremely expensive [33] . Current data reveal that main cost drivers in the overall costs were inpatient and pharmacy expenditures. The share of outpatient costs was relatively small. Vietri et al. [34] recently found that overall direct costs of patients with HCV infection (sum of physician visit, emergency department visit, and hospitalization costs) were €934 on average, among five European countries (France, Germany, United Kingdom, Italy, and Spain). Menzin et al. [35] estimated inpatient costs at $2649 in patients with cirrhosis, whereas costs were $337 among patients without cirrhosis ($1 ¼ €0.75). Our results were similar (€1518 vs. €286; P o 0.001; data not shown).
Standard antiviral therapy consisting of Peg-IFN-α and ribavirin can be expensive. Helsper et al. [16] estimated that the cost of adverse effects, excluding antiviral treatment costs, were as high as €15,104. It has been shown that adding a hepatitis C protease inhibitor (such as telaprevir and boceprevir) to standard double therapy has greatly improved SVR rates (up to 80%-90%) in patients infected with HCV genotype 1, but the therapy remains costly [5, 36] . Similarly, using a Markov model, Cure et al. [37] reported higher health care costs but improved SVR rates. Because protease inhibitors were not prescribed for HCV 
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infection treatment in Turkey during our study period, we were unable to assess any impact of triple therapy on HCV infection costs in Turkey. There were also study limitations typical for any retrospective claims database study, and any results should be interpreted with these caveats in mind [38] . First, the analysis was based on administrative claims data. Although claims data are extremely valuable to analyze treatment effect, they are collected for administrative purposes rather than research. Presence of diagnosis codes on medical claims may not necessarily prove the presence of the disease because diagnoses may be incorrectly coded or included as rule-out criteria rather than actual disease. Occurrence of a prescription drug fill does not guarantee actual consumption of the drug by the patient. For example, the efficacy of HCV therapy is highly dependent on treatment compliance; therefore, this study implicitly assumed that the compliance rate did not vary across patients, other than the factors controlled in the regression models. Also, claims data do not contain measures of disease activity, health status, patient lifestyle, or genotype. Although we used individual comorbidities to proxy for health status, further studies linking claims data outcomes to hospital charts are warranted to determine the relationship among disease activity scores, genotyping, and outcomes.
Conclusions
Although imperfect, claims analysis plays an important role in health care services research. Claims are a source of information regarding real-world practices across different regions and practices and have variations that may be difficult to assess using trial, survey, expert opinion, and other data sources. Treated patients incurred significantly higher costs, mainly due to pharmaceutical expenditures. The literature reveals that standard and triple therapies are cost-effective because of their probability of halting the progression of underlying liver disease. This study showed that there was a significant reduction in mortality and HCC rates due to treatment among patients with cirrhosis in Turkey.
